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Abst ractt 
Passives ive matrixatrix displaysisplays basedased on polymerolymer andnd organicrganic light-emitting diodesi des (LEDs)) sufferf er from crosstalk,sstalk, thee emissionis ion oflightt from pixelsls 
otherther thanhan thosehose selected.elected. Thisis articlerticle exploresxplores thee topicpic off crosstalkros talk bothth with ann approximateproximate butt analyticalytic modeldel andd by meansans ofmorere exactact 
circuitircuit simulationi ulation in orderrder too explainxplain thee causesuses off crosstalkros talk andnd to quantifyantify thee consequences.sequences. We concludenclude thatat crosstalksstalk hass implicationsli ations 
t-emitting 
forr displayisplay powerower consumption.onsumption.
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1.. I n t roduct iontion 
mole-Thee discoveryiscovery off electroluminescencelectroluminescen  in organicrganic le­
[ 1]culesules I] andnd semiconductingemiconducting polymerslymers [2]] hass generatednerated 
considerableonsiderable interestterest in displayisplay applicationspplications basedsed on theseese 
materials.aterials. Thee materialsaterials makeake light-possiblessible efficient,fficient, t­
weight,ight, thin,hin, largerge area,rea, flat-panel,t-panel, andnd evenven mechanicallychanically 
flexiblel xible displaysisplays [3-5].-5]. Althoughough low-information-content-information-conte t 
indicatorsdicators andnd displaysisplays arere feasible,asible, high-resolutioni h-resolution passivessive 
envi-matrixatrix displaysisplays arere amongong thee mostst challengingal enging useses vi­
sioned,ioned, andnd severaleveral groupsroups arere workingrking to overcomeercome thee 
[6-10 ].technicalechnical hurdlesrdles -10 . 
Importantportant technicalechnical issuessues mustst be resolvedsolved to createeate venen 
semiconduc-a prototyperototype computerputer monitoronitor basedsed on organicrganic emiconduc­
syn-toror materials.aterials. Thee topicsopics spanpan thee gamutmut fromom chemicalemical n­
thesis,hesis, solid-stateolid-state physics,ysics, deviceevice physics,ysics, andnd fabricationbrication 
processesrocesses too packagingackaging andnd deviceevice degradation.gradation. All of theseese 
[ 10].areasreas arere thehe subjectubject off activective researchsearch 10]. Onee problemroblem 
thathat hasas notot receivedceived muchuch attentionttention is thee issuesue of crosstalk,osstalk, 
meaningeaning thathat pixelsi els otherther thanan thee intendedtended pixelsi els emitit light.t. 
Thee goaloal off thishis articlerticle is too explainxplain thisis so-called-called crosstalk.osstalk. 
We usese circuit-modelingircuit-modeling techniquesechniques too uncovercover andd quantifyantify 
light-severaleveral causesauses off crosstalkros talk in passives ive matrixtrix polymerlymer t­
emittingit ing diodeiode (LED) displays.isplays. 
Thee allurellure off thethe technologytechnol gy isi  itsits simplicity.i plicity. A  polymerlymer 
orr organicrganic LED pixeli el consistsnsists of multipleltiple thint in filmsil s depositedposited 
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Fig.. 1.. Currentrent (points)ints) andd l ightt intensityensity (solidli  curve)e) as a functionction of  
voltageltage recordedcorded forr a polymerly er LED  madede from dialkoxy-PPV.lkoxy-P V. The inseti t 
current.illustratestrates thee l inearar dependencependence of  l ightt intensityensity on renl. 
positivesitive voltageltage to thee anodeode with respectspect ot  thee cathodethode 
causesuses currentrrent flow in thee pixell andd lightt emissionission from the 
pixel.el. The devicevice characteristicsracteristics shownown in Fig.. I1 werere 
obtainedtained underder nitrogenitrogen atmospheret ospher  from a devicevice withit  an 
emis-ITO anode,ode, a dialkoxy-polyphenylenei lkoxy-polyphenylene vinylenei lene (PPV)  is­
sioni n layer,l er, andd a Ca cathode.thode. The datata aree similari ilar tot  thoset se 
availableailable ini  thet e literaturelit rature [11-13].[ -13]. Emissioni sion 
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1% photons/electronefficienciesfficiencies aboveove I  otons / electron arere typical.t ical. 
A  passivessive matrixtrix displayi play consistssists off an arrayrray offpixelsi ls withit  
pixelsi els ini  thet e samee rowr  sharingaring a commonmon cathodethode lectrodeel ctrode 
asamesa e columnc lumn sharings aring a commonc mon anodea ode 
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Fig.i . 2.. Passives ive matrixatrix arrayr ay off LEDs.. Rowss I throughhrough 4 formrm thee cathodethode 
electrodes,lectrodes, andnd columnsolumns A throughhrough D formrm thehe anodenode electrodes.lectrodes. 
electrode.lectrode. Fig.. 2 illustratesstrates thee electricallectrical connectionsnnections forr a 
4 X 4 pixelixel display.isplay. In theory,heory, applyingpplying a positivesitive voltageltage to× 
a columnolumn electrodelectrode withith respectspect oo a row electrodelectrode will tumrn 
onn thehe LED locatedcated att thee intersectiontersection betweentwe n thee twoo elec­
trodesrodes andnd causeause lightt emissionis ion fromom onee pixel.i el. In practice,actice, 
l c-
1 inter-otherther pixelsixels emitit lightt ass well.l . Considersider LED  A  I att thee ter­
sectionection off columnolumn A andnd row 1.. Applyinglying a positivesitive biasi s to 
A1columnolumn A withith respectspect oo row I shouldould energizenergize LED   I 
only.nly. Experimentseriments howshow thatat otherther pixelsi els in columnlumn A  (A2, 
A3,, orr A4) andnd roww I (B I, C I, orr D1) cann produceroduce unwantedanted 
light.i ht. 
Fig.. 3 hintsints att onee likelyly causeuse of thee crosstalk.osstalk. Fig.. 3 
containsontains thehe sameame matrixatrix of LEDs ass Fig.. 2,, butt thee pixelsi els arere 
1 l  1, ) 
conduc-presentedresented in a circuitircuit topologyopology thatat emphasizesphasizes thee nduc­
AI. conduc-tionion pathsaths parallelarallel too thee onee selectedelected pixeli el 1. The nduc­
tionion pathsaths consistnsist of threere  pixelsi els in seriesries withh twoo LEDs 
orientedriented withith thehe sameame polaritylarity andnd onee orientediented withh thee 
A1oppositepposite polarity.olarity. A forward-biasrward-bias voltageltage acrosscros  pixeli el  I 
woulduld appearppear acrosscros  serieseries combinationsbinations suchch ass A2, B2,, andd 
1; 1;B I; A2,, C2,, andnd C I; andnd A4;; B4,, andnd B I.1. In eachach case,se, twoo 
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Fig.ig. 3.3. Passiveassive matrixatrix arrayarray ofof LEDss drawsdraws soso asas toto emphasizee phasize conductionconduction 
pathsaths parallelarallel toto onene selectedselected LED.. 
LEDs arere forwardard biasedi sed andd one isi  reverseerse biased.i sed. Withit  
LEDs actingting likeli  ideali al diodes,i es, thet e reverse-biasedLEDswouldld 
nott permitrmit anyy currentrrent flow,l , andd no lightli t couldld emergeerge from 
thet e forward-biasedard-biased LEDs.. Reall LEDs do permitr it someecurrentrent 
to flow underder everser verse bias,s, so severalveral reverse-biasederse-biased LEDs ini  
parallelrallel cann passss enoughough currentrrent o allowll  lightt emissionission from 
anotherother LED  in series.ries. For example,ample, pixell A2 lies in seriesries 
with pixelsls B2, C2,, andd D2.. Evenn a low-information-contenti formation-conte  
erse-biased  
displayi play wouldld haveve morere thanan 4 X4 pixels,ls, so morere parallelral el 
conductionnduction pathsths exist.ist. 
The purposerpose of thisis workk is to quantifyantify processesces es thatt 
contributetribute to crosstalksstalk usinging circuituit simulationulation of  a passivessive 
matrixtrix basedsed on thee electricall ctrical propertiesperties of  a singlele pixel.l. 
Althoughough opticaltical crosstalksstalk duee to thee internalernal reflectionflection ofthe 
lightt is alsolso of concerncern [ 14], 
× 
], we considersider onlyl  electricalctrical 
crosstalk.sstalk. Additionally,itionally, we assumesume thatt connectionsnections betweentwe n 
pixelsls arere formedr ed from zero-resistancero-resistance wires.s. Beforere obtain­
ing quantitativeantitative resultssults from circuituit simulation,ulation, however,ever, it 
is usefuleful to anticipateticipate resultssults with a heuristicuristic approach.proach. 
ain-
2. Sourceses of  crosstalk	 staik 
Therere arere severalveral potentialtential sourcesrces ofd.c.. crosstalksstalk in LED  
matrixtrix displays.plays. Afterr definingfining theseese sources,rces, we comparepare 
theireir influencel ence on crosstalksstalk by determiningtermini g the intensitynsity of  
straytray lightt createdated by otherer pixelsls relativelative to thee intensitynsity 
emittedit ed by thee selectedlected pixel.l. 
• 	 Displaylay resolution:solution: thee greaterater numberber of  pixelsls requireduired 
par-forr higher-resolutionher-resolution displaysplays createsates morere availableilable r­
allelll l conductionduction paths,ths, so onee wouldld predictdict morere strayray 
lightt in higher-resolutionher-resolution displays.plays. 
• 	 Rectificationtification ratio:tio: onee roughgh wayy to characterizeracterize diodee 
qualityality is in termsrms ofthee ratiotio ofcurrentrrent flowinging in forwardard 
biass to thatat flowinging underer thee samee magnitudegnitude reverseersebias.s. 
cur-A  higherher rectificationctification ratiotio indicatesicates thatt lesss leakagekage r­
rentnt flowss for a givenen magnitudegnitude bias,s, so lesss strayray lightt 
shouldould occurcur with higher-rectificationher-rectification devices.vices. 
• 	 Reverseerse leakagel kage current:rrent: anotherother wayy tot  characterizeracterize thet  
reverse-biasverse-bias qualityality of a diodee is in termsr s of  the parallelral el 
leakagekage pathsths thatat compromisepromise thee diodee actiontion underer 
reverseverse bias.s. Largerer everser verse leakagekage currentrrentwouldld increaseease 
thee straytray lightt generated.nerated. 
3. Analytici  model ingling resultslts 
approx-Back-of-the-envelopek-of-the- nvelope calculationslculations cann providevide an prox­
imatei te understandingderstanding of thet e influencesi l ences of  displayi lay resolutionsolution 
andd rectificationctification ratiotio on crosstalk.sstalk. For example,ample, basedsed on an 
analyticalytic expressionpres ion forr thet e electricall ctrical characteristicsracteristics of  eachch 
pixel,i l, circuiti uit analysisalysis cann generatenerate a meansans of  determiningtermining 
thet e straytray light.li t. Lett us begingin by findingfi ing thet e straytray lightli t emitteditted 
VA~ass a functionf ction off positivesitive voltageltage  I appliedplied acrossros  pixeli l A II 
ini  Fig.i . 2 (or Fig.i . 3).. The symmetrymetry of Fig.i . 3 showsows thatt t anyy 
off thet e othert er forward-biasedf r ard-biased pixelsi ls ini  columnl mn A  andd rowr  I arere 1 
candidatesandidates toto produceroduce straytray light,li t, andnd theyt ey arere equivalentquivalent 
candidates.andidates. It isi  safeafe tot  assumessume thatt at a reverse-biasedverse-biased pixeli el 
doesoes notot emitit light,li ht, soo we onlyly reallyr ally needed tot  calculatelculate thet e 
straytray lightli ht emitteditted byy pixelixel A2.. 
Thee dataata off Fig.. I1 canan supplyupply ann approximatepproximate expressionxpression 
thathat describesescribes thehe electricallectrical characteristicsaracterist cs of eachach pixel.i el. The 
currentur ent versusersus voltageltage curverve off Fig.. I1 consistsnsists of twoo curvedrved 
sections.ections. Belowlow a thresholdhreshold voltageltage of approximatelypproximately 1.8.8 V, 
onlynly a leakageakage currentr ent flows.l s. Aboveve thee thresholdreshold voltage,ltage, 
thehe currentur ent increasescreases ass a powerwer law withith respectspect to thee volt­
age,ge, andnd thehe lightht emissionis ion is proportionalroportional to thee current.rrent. If  
thishis pixelixel sitsits att thehe intersectiontersection of columnlumn C andnd row R of 
thehe matrix,atrix, thehe approximatepproximate xpressionxpression forr currentrrent flow 
throughhrough thehe pixelixel is 
lt-
(1)IcR = loV ~"R ( 1) 
whereere 1CR is thehe currentr ent flowl w throughrough thee pixeli el andnd VCR is thee 
voltageoltage droprop acrosscros  thee pixel.ixel. A moreore accurateccurate treatmentreatment 
woulduld accountccount forr thee thresholdreshold voltage,ltage, butt we will usese 
lc  c  
circuitircuit simulationi ulation in Sectionction 4 to obtaintain moreore exactxact quanti­anti-
tativeative resultsesults basedased on thee experimentalxperimental data.ata. In orderto assessssess 
thehe influencefluence off rectificationctification ratiotio on thee crosstalk,ros talk, thee 
roughestughest andnd leastast conservativenservative approximationpproximation woulduld be to 
er  
assumessume a constantonstant rectificationctification ratio,tio, r,, ass a functionnction of volt­
age.ge. Thenen thehe currentr ent flowl w underder everseverse biasi s woulduld haveve thee 
expressionxpression 
lt-
10 1 VcRl1>lol cRI ~' ICR = - ,when VCR<Olc~ - - ,  hen c   0 (2)) 
rF 
(A) Considernsider thehe casease withith pixeli el A11 forwardrward biasedi sed 
(VAI >0).). Thenen 
VAI = VA2--VB2"FVBI ~---2VA2- - VB2 (3) 
N rows (N> 2),Forr ann arrayrray withith rows andnd N columnslumns )2), 
VB2 -[V- AI -2V- A21= -VAI+2[(N-l)IB21I011/1>- 1 ) lB J lo ][ VA, 2VA2 ] VAI "~-2[ (N - libB2 = 
1/b
N - 1)11"
= - VAI -2 -r- VB2 (4))( 
Solvelve forr thehe voltageltage droprop acrosscros  pixeli el B2 to obtaintain 
--VA~ 
(5)(5)VB2-- [N 1]I/1'VB2 = (N-I )111>
1+2-­
r 
Combinebine Eqs.s. (3),), (4),), andnd (5)) to obtaintain thee voltageltage droprop 
acrosscros  pixelixel A2,, 
(6)VAo--2+( r ),/,, (6) 
Thee currentur ent flowl w throughthrough pixelixel A2 isi  
I V I>lo L1 -I V" - 0 AIlA2=l°V~2-[ - [ r ]l/h-]h (7)) 
A2 - 0 A2 - [ 2 +(N~ JI"r 
The ratiotio of thet e straytray lightli t emitteditted by pixeli l A2 tot  thet  lightli t 
emitteditted by pixeli el A I isi proportionalportional tot thet e ratiotio ofthet currents:rrents:1 
1 (8)LA--'-~2=/A2--[LA,IA, +( r t l /b l  b (8 )  
2 J 
The totaltal straytray light,t, 0, emittedit ed by thee displayplay is obtainedtained 
from thet e sum of thet e lightli t emitteditted by pixelsi ls ini  columnl n A  andd 
row 1otherher thanan pixelel AI:I: 
Lr  
2(N-l)oLT = 2(N-- 1)IA2-1 /  ( - 1) 
- - b (9)LA-"-'~AI = IAI ~[2+'(~/---~)[ r,I/b~AI (91 
Eqs.. (8) andd (9) indicateicate two trends.nds. A higherer ectificationctification 
ratio,tio, r, increasesreases thee denominatorsnominators andd decreasescreases the amountount 
of straytray lightt emitted.it ed. For largerge r, for example,ample, the strayray lightt 
ratiotio is proportionaloportional to 1/r, so it paysys to usee highlyly rectifyingctifying 
devices.vices. The morere rowss andd columns,l mns, N, thee morere strayray lightt 
is emitted,it ed, becausecause morere parallelrallel pathsths existist to supplypply currentrrent 
, 
to pixelsi els in columnlumn A  andd row 1 (otherherthanan pixell A  I). Figs.. 4 
andd 5 plott theseese analyticalalytical resultssults alongl ng with thosese obtainedtained 
from simulation,i ulation, so thee discussioncus ion isdeferredfer eduntiltilSectiontion 4. 
1
(B) Considersider thee casese AIwith pixell 1 reverseerse biasedsed 
VA~ SO(  I <0), so pixelsels in row I1 or columnl n A  aree reverseerse biased.sed. 
Strayray lightt couldld leakk from thee pixelsls in otherer rowss and 
columns,lumns, whichi h wouldld be forwardard biased.sed. Eq. (4) no longerer 
applies,plies, ratherther 
- [VAl -2VA2 ] = - VAl - 2[r(N - I )/B2 /10] III>VB2B2 =  - -  V I  - - 2 ]  - A1  - - ( - 1 lB2 Io  lib 
= - - VA1 - - 2 [ r (N- - 1 ) ] I/bVB2 V I-2[r N-I)]lIbVB2 
--VAt ( 10)-- l+2[ r (N- - l)]l/b1 2[r( -I)]lI  (10) 
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Fig.i . 4.. Straytray lightli t perr pixeli el ass a functionf ction off displayi play sizei e withit  rectificationr ctification 
r = 4. Straytray lightli t isis quantifiedantified ass thet e unwantedanted lightli t intensityi tensityemittedittedratior tio  104 .
 
by onee pixeli el normalizedrmalized tot  thet e lightli t intensityi tensity emitteditted by an addresseddressed pixeli l
 
+5 AIbiasedi sed tot   V.. Roundnd datata pointsints arere simulationsi ulation resultsr sults forf r pixeli el  I 
A2,forwardf rward biasedi sed withith lightli t emitteditted fromfr  pixeli el . andd thet e solids lid curverve isis thet e 
least-squaresl ast-squares fitfit tot  Eq.. (8)( ) withith b= = 5.11.. 1. Squareare datata pointsints arere simulationsi ulation 
A1resultsresults forf r pixeli el I reversereverse biasediased withith lightli t emittede itted fromfr  pixeli el B2,, anda d thet e 
=5.11.dashedashed curvec rve isis Eq.. (( 1111 )) withith b  .11. 
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Fig,S. Straytray lighti ht perer pixelixel ass a functionnction of rectificationctification ratiotio forr a displayisplay 
withith 100 rowsows andnd 100 columns.olumns. Roundnd dataata pointsints arere simulationi ulation resultssults forr 
pixelixel A1I forwardrward biasediased withith lightht emittedit ed fromom pixeli el A2, andnd thee solidlid 
curveurve isis Eq.. (8)) withith b = 5.11..11. Squareuare dataata pointsints arere simulationi ulation resultssults forr 
. 5. 
pixelixel Al reverseeverse biasediased withith lightht emittedit ed fromom pixeli el B2,, andnd thee dashedshed 
curveurve isis Eq.. (II) 11 ) withith b = 5.11..11. 
1 
Then,n, sinceince thehe reverse-biasedverse-biased pixeli el Al wouldld nott emitit 
light,ht, it is moreore usefulseful to comparepare thee straytray lightt emittedit ed from 
1
pixelixel B2 too thee lightt thatat wouldld be emittedit ed from pixeli el A I 
undernder thehe sameame magnitudeagnitude forwardr ard bias:i s: 
1
LB~ IB2 1 (( II1 1))
LA----~j=IAI-- { 1 + 2[ r (N- 1) ] ]/b}b 
The totalotal straytray lightt emittedit ed by allll of thee forward-biasedr ard-biased 
pixelsixels in thehe display,isplay, thatat is,, alll  of thee pixelsi els outsidetside ofcolumnlumn 
1,A andnd roww I, becomesecomes 
(N-I)zLrT (N-I)zI- BZ ­1); B2 1) 2 (12)){1+2[r(N-I)]l/b}bLA I IIA I 1 1)]~:"}bL I I 
( l  l)The trendsrends thatat emergeerge fromom Eqs.. II  andd (12)) differiff r 
slightlylightly fromrom thee trendsrends underder forwardr ard bias.i s. As in forwardr ard 
bias,ias, thehe straytray lightt decreasesecreases forr largerrger rectificationctification ratios.tios. 
Unlikeli e in forwardrward bias,ias, thee straytray lightt perr pixeli el alsolso decreasescreases 
ass thehe numberumber of columnslumns andnd rowss increases,reases, becausecause morere 
rowss andnd columnslumns createreate moreore parallelrallel pathsths thatat connectnect 
columnolumn A too row 1.. The resultsult is lessss currentrrent (andnd light)t) perr 
path.ath. 
(C) Pixelsls withith leakageakage currentrrent underder reverseverse bias.i s. 
The simplei ple modelodel usedsed abovebove doeses nott accountccount forr anyy 
reverse-biaseverse-bias leakageakage currentrrent otherther thanan thatat allowedllowed by thee 
rectificationectification of thet e diode.i de. If,, forr example,xample, eachach reverse-biasedverse-biased 
pixelixel behavesehaves ass a resistorsistor withith resistancesistance R,, thent en thet e ratiotio of 
straytray lightli t willill alsolso dependepend on thet e appliedpplied voltage.ltage. 
The derivationerivation proceedsroce ds ini  thet e sameame mannernner ass thatt at leadingl ding 
( l  1),upp toto Eqs.s. (8)) andnd II), andnd thet e pixeli el modeldel assumesssumes an 
1infinitei finite rectificationr ctification ratio.r tio. Forr pixeli el A  I forwardf r ard biased,i sed, itit cann 
for-bee shownhown thatt at thet e ratior tio off straytray lightli t generatednerated ini  otherther f r­
1ward-biasedard-biased pixelsi els ini  columnc lumn A  orr rowr  I isis 
For pixell A  I reverseverse biased,sed, it can be shownn thatt the ratiotio 
of straytray lightt generatednerated in otherer forward-biasedard-biased pixelsls not in 
columnl n A  or row I1 is 
1 
L~ ~z V~ IB2 IB2  BI'2 l ( 14)
LA 1 = 1A I = V L = [ I + 2R(N - I )10V ;z- I] h'--~]=IAI--VbA --[I+2R(N b I ] (14)1)loV B2 
As lesss currentrrent flowss underer reverseerse biass (greaterater R),), lesss 
straytray lightt results.sults. Also,l  thee influenceence of  displaylay resolutionolution 
followsll s thee samee trendnd as before.fore. The strayray light ratiotio 
increasesreases with thee voltageltage dropp acrossros  the relevantl vantpixels,ls, but 
thee ratiotio of straytray lightt to intendednded lightt decreasescreases at higherer 
voltageltage levels.els. 
4. Circuitir it simulat ionti  results 
quali-While thee equationsuations derivedrived in Sectiontion 3 can makeke li­
tativetive predictions,dictions, circuitit simulationulation can obtaintain morere exactct 
resultssults by workingking from a morere accuratecurate versionrsion of  the elec­
tricalical datata ratherther thanan a numericalerical approximation.proximation. The 
approachproach useded is to insertert thee electricalctrical datata for I1 cm2zLEDss 
1 PstarTM 
c-
from Fig. I directlyctly into the circuitit simulationulation tooll tar™ 
N×Nandd enterter a circuitit nett list consistingsisting of  an  X  arrayray of  
pixelsels like thatat shownown in Fig. 2. 
Fig. 4 showsows thee strayray lightt ratiotio perr pixell as a functiontion of  
A1 _+5arrayrray size.i e. The voltagesltages appliedplied to pixell I are ±5 V.. The 
pixelsls haveve thee forward-biasard-bias characteristicsracteristics shownn in Fig. I1 
104. As  in Eq. (8) for the forward­rd-andd a rectificationctification ratiotio of 4 .
 
biass case,se, thee straytray lightt ratiotio increasesreases in higher-resolutioner-resolution
 
( 11 )arrays.rrays. The reverse-biasverse-bias casese reflectsflects the trendnd of  Eq. II  
with thee straytray lightt perr pixell decreasingcreasing with arrayray size.. Note 
mag-thatat thee reverse-biasverse-bias strayray lightt is aboutout two ordersers of  g­
nitudeude smalleral er thanan thee forward-biasard-bias trayray light,t, mainlyinly for 
two reasons:asons: 
1( I ) Eachh conductionduction pathth in parallelral el with the selectedlectedpixell 
A1 I containstains two diodeses biasedsed with the samee polarityrity and 
onee biasedsed with oppositeosite polarity.l rity. Forward-biasrd-bias trayray light 
arisesrises whenn onlyl  one of  the threeree pixelsls is reversedersed biased,sed, 
andd reverse-biasverse-bias strayray lightt arisesises whenn two ofthe threereepixelsls 
arere reverseverse biased.sed. For thee samee magnitudegnitude biass on pixell A  I,1, 
morere reverseverse currentrrent can flow throughrough the strayray light pathth 
whenn onlyly one pixell is blockingking current.rent. 
(2) In forwardard bias,s, eachch forward-biasedard-biased pixell thatt couldl  
(N - 1)emitit lightli t receivesceives itsit  currentrrent from - I  reverse-biasederse-biased 
forward-biasedpixelpixels,i ls, whereasreas underer reverseverse bias,i s, eachch ard-biased pixel 
isi  sandwichedndwiched betweentwe n twot  reverse-biaserse-bias pixelsi ls and isi  one of  
(N - 1)I) pixelsi ls vyingi g for thet e meagerager currentrent available.ilable. ­
Fig.i . 5 illustratesill trates thet e effectff ct of  rectificationr tification on straytray lightli t 
generation.neration. InI  forwardf r ard bias,i s, theret re isi  an exponentialonential incentivei ntive 
tot  increasei rease thet e rectificationr ctification offeachch pixel.i l. Reverserse biasi s allowsll s 
lessl s straytray lightli t withit  lowl  rectificationr ctification ratios,r tios, and reasonabler sonable 
                   
rectificationctification ratiostios suppressppres  thet e straytray lightli t by additionalditional 
ordersr ers of magnitude.gnitude. 
Notete thatt at thet e calculationslculations ini  partrt (A)  treatt at eachch pixeli l ini  
thethe arrayrray identically,i ntically, whichi h isi  a worthwhilethwhile goalal ini  produc­uc-
tion.i n. It is morere realisticalistic to considersider thatt faultslts occurr in occa­
sionalional pixels.i els. The goalal is to determinetermine thee symptomsptoms causedused 
byy certainrtain faultsults suchch ass shortort circuitsits with an eyee to designingsigning 
testsests thatat coulduld diagnosei gnose thee faults.lts. We considersider thee effectff ct of 
onee short-circuitedort-circuited pixeli el in Figs.. 6 andd 7 andd thee effectsff cts of 
twoo shortsorts in Fig.. 8.. All short-circuitort-circuit simulationi ulation resultssults usee a 
a-
100 X 100 pixeli el arrayrray of LEDs havingving thee electricall ctrical character­
isticstics shownhown in Fig.. 1 andd rectificationctification ratiostios of 1044.. Note thatt 
> A.U.) 
× racter-
simulationi ulation datata att highi h lightt intensitiestensities ( 250000 are 
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Fig. 8.. Strayray l ightt perr pixell as a functiontion of the voltageage appliedlied tot  thet selectedl cted 
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wtl es 
extrapolatedtrapolated from datata expectedpected for pulsedlsed LED  operationration 
[ 15]] ratherther thanan from thee d.c.. characteristicsracteristics of  Fig. 1.. 
Fig.. 6 showsows thatat onee shortort circuitit in thee selectedlected row 
causesuses littlele straytray lightt generation,neration, becausecause at leastst one pixell 
in eachch undesireddesired conductionduction pathth remainsains reverseerse biasedsed to 
blockl ck current.rrent. The datata aree calculatedlculated with one pixell in the 
(B I )selectedlected row  1) replacedplaced by a resistor.sistor. Eachh otherer pixell 
4.hass a rectificationctification ratiotio of 104 . With a forwardard biass appliedlied 
A 1,to thee selectedlected pixell I, pixelsls suchch as A2 in thee sameecolumnl n 
ass thee selectedlected pixell mayy generatenerate light.t. With a reverseerse biass 
1,appliedplied to thee selectedlected pixell A  I, thee strayray lightt comeses from 
pixelsls suchch ass B2 in otherer rowss andd columns.l ns. The effectct is 
minimali i al whenen thee shortort circuituit occursurs in a pixell thatt wouldld 
be forwardr ard biased.sed. 
Fig.. 7 showsows thatat a shortort circuituit in a non-selected-selected row can 
allowllow straytray lightt by disablingabling thee blockingcking actiontion of  the 
reverse-biasedverse-biased pixel.l. The datata aree calculatedlculated with one pixell 
in a non-selectedn-selected row (B2) replacedlaced by a resistor.istor. Withi  a 
forwardr ard biass appliedplied to thee selectedlected pixell A  1,I, the strayray lightt 
comeses from pixelsls in thee samee columnl mn (A2). Withi  a reverseerse 
A1,biass appliedplied to thee selectedlected pixell  I  thee strayray lightt comeses 
from pixelsi ls ini  othert er rowss andd columnsl ns (B2).. 
Fig.. 8 showsows thee dramaticmatic effectct of shortrt circuitsits occurringur ing 
simultaneouslyi ultaneously in two rows.s. For thee selectedlected pixell (A l)I) 
1forwardr ard biased,sed, onee shortort circuituit in thee selectedlected row (B  I)  
combinedbined with onee shortort circuituit in anotherother ow (B2) allowss 
thee thenen forward-biasedard-biased pixell in thee selectedlected columnl n (A2)  tot  
emitit a significanti nificant amountount of  straytray light.li t. The disastrousi strous resultult 
forr thet e selectedlected pixeli l (A  1) reverseerse biasedi sed occursurs whenn shortsrts 
occurcur bothth ini  thet e selectedlected row (B  l)I) andd ini  thet  selectedlected 
columnlumn (A2). The onee pixell thatat connectsnects thee two shortsrts 
(B2) emitsits significanti nificant amountsounts of light,t, becausecause it findss itselflf 
forwardf r ard biased.i sed. Straytray lightli t emitteditted withit  thet e desiredsired pixeli l 
reverser verse biasedi sed willill likelyli ly be visible,isi le, becausecause thet e desiredsiredpixeli l 
emitsits no lightli t underder reverser verse bias.i s. Thesese datata explainlain unusualsual 
r/1 
situationsituations observedbserved ini  thet e laboratory.l boratory. For example,xample, withith a 
negativeegative voltageltage appliedpplied toto pixelixel A I, pixeli el D4 shinesines brightly.rightly.l, 
5.. Discussioncus ion 
Whileile thehe absolutebsolute magnitudeagnitude of straytray lightt generatednerated perr 
pixelixel in mostost off thehe casesases considerednsidered oeses nott appearppear 
alarming,larming, thehe eyeye is a sensitiveensit ve detector.etector. At sufficientf icient bright­
nesses  thehe dataata in Figs.s. 7 andnd 8 showhow thatat unintentionallyintentionally 
ight-
addressedddressed pixelsixels canan emitit straytray lightt att easilyasily visiblei ible inten­ten-
sitiesities abovebove 1% off thehe desiredesired pixel's intensity.tensity. Also,, thee totaltal 
(N - 1)) 
 i l'  
straytray lightht emittedit ed byy thehe arrayrray is anothernother factorctor of ­
(N - I)1)22 greater.reater. Thee straytray lightt cann representpresent a significanti nificanttoo ­
powerower drainrain onn a display.isplay.
 
Followingllowing thehe reasoningasoni g of Sectionction 3 providesrovides roughugh esti­
matesates off thehe powerower dissipation.issipation. Beginningginning withh Eq.. (8),, we 
sti-
obtainbtain thehe totalotal powerower dissipationissipation PT ass a functionnction of rectifi­
cationation ratiotio andnd displayisplay resolutionsolution forr thee casese withh thee 
selectedelected pixelixel A 1 forwardrward biased:iased: 
 ctifi-
Tableble I1 
Powerer dissipationissipation in wattst s ass a functionnction of rectificationctification ratiotio 
+ l0 Selectedlected pixelixel @ - l0Rectificationctification ratioatio Selectedlected pixelixel @ 1  V 1  V 
101 19.399.39 × 10°IO J 1.39.39 X 0" 
10022 18.358.35 2.25 X IO-.25× 10 JI 
10'3 17.937.93 2.63 X.63× 10- 22 
10044 17.827.82 2.89X.89× 10 -'3 
105 17.807.80 2.96× 10-4lOS .96X 4 
106 × 10-506 17.807.80 2.97.97 X IO s 
Tableble 2 
AI tbrward +Powerer dissipationissipation in wattst s forr selectedelected pixelixel  I forward biasedi sed to 10 V  
Short-circuitort-circuit resistanceesistance Shortort in selectedelected row Shortort in blockingl cking pixeli el 
IOn10 [~ 17.827.82 18.71.71
 
100 f~
lOon 17.827.82 18.10.10 
I1 kf~!l 17.827.82 17.86.86 
IOkn10 ~ 17.827.82 17.83.83 
100kn l~ 17.827.82 17.82.82 
xzc 17.827.82 17.82.82 
Seeee Figurei ure 6 7 
Pixelixel BII B2 
Tableble 3 
Powerer dissipationissipation ini  milliwattsilliwatts forr selectedelected pixelixel A I reverseverse biasedi sed totl  - 10 Vl  
Short-circuitort-circuit resistanceresistance Shortort ini  selectedselected rowr w Shortort ini  blockingl cking pixeli el 
10 ~]Ion 9.369.36 2.90.90 
100 OlOon 9.14.14 2.90.90 
1 kO 2.90.90I n 7.667.66
 
10 k12 4.504.50 2.90.90
n
 
kO 3.083.08 2.892.89
100100 kD. 
x~c 2.892.89 2.892.89 
Seeee Figurei ure 66 7 
BIPixelPixel B1 B22 
= VAllAI + (N- I) VA IlA2 =loV1't 1+ (N -1) VAlloV 1'2AIIA1 4- - - _PT 1) IIA2--1oVAjb+ J 4-( -- 1) II ~2 
h+1 (N-I)IoV1't ' =IoVAb+,  + (N- -1) loV~- '  
=loVAI +[2+(N~ J/br (15)( ) 
J 
Similarly,ilarly, withh thee selectedlected pixelel A  I reverseverse biased:sed:1 
PT = VAllAI + (N - I )2VAl l B2v  ~IAj + (- 1) ,I 2 
loVe? '  (N  - 1~2 'L]  10VAi  ' "  b+'  =l 1't  + -I)%V1't- - q  (16)
r ­{ l+2[ r (N- -1 ) l J /b}  h(l  (  I  ] 1/h} b (16) 
The datata in Tablele 1,, obtainedtained from thee simulationulation resultssults 
of Sectionction 4 on a lOX 10 pixelel arrayrray with a totaltal pixell areaea 
of 1000 cm2,2 , bearar outt thee predictionsdictions of Eqs.. (15)) andd (16).). 
With thee selectedlected pixelel forwardard biased,sed, thee rectificationctification ratiotio 
doeses moderatelyderately changeange thee powerer dissipation.sipation. Withi  thee 
selectedlected pixelel reverseverse biased,sed, thee rectificationctification ratiotio effectscts 
quiescentiescent powerer dissipationsipation with thee powerer dissipationsipation 
almostl ost proportionaloportional to thee reciprocalciprocal ofthee rectificationctification ratio.tio. 
We usee thee simulationi ulation resultssults with rectificationctification ratiotio r = 1044 
short-
10× 
to determinetermine thee powerer dissipationsipation as a functionction of  rt­
circuituit placementl cement andd resistance.sistance. Tablesles 2 andd 3 containtain thee 
powerer dissipationi sipation forr thee selectedlected pixell forwardard biasedsed andd 
reverseverse biasedsed forr thee casesses consideredsidered in Figs.. 6-8.. The 
for-powerer dissipationi sipation of thee displayplay with thee selectedlected pixell ­
wardrd biasedi sed oesd es nott dependpend significantlynificantly on thee short-circuitrt-circuit 
resistance,sistance, exceptcept forr thee mostst extremetreme casese of  two 
reverse-low-resistance-resistance shortsorts in series.ries. Tablele 3 showsows thatt het e erse­
resis-biasi s selectionlection dependspends morere stronglyrongly on short-circuitort-circuit sis­
tancence andd placement.cement. With two blockingcking diodeses in thee 
majorityjority of thee parallelrallel conductionduction paths,ths, thee totaltal powerer 
Shortsrts in selectedlected row + anotherother Shortsrts in selectedlected row +columnn 
20.00.00 17.83.83 
18.13.13 17.83.83 
17.85.85 17.83.83 
17.82.82 17.82.82 
17.82.82 17.82.82 
17.82.82 17.82.82 
8 8 
 
BI  & B2 & A2 
BI  
Shortsrts ini  selectedlected row + anotherother Shortsrts in selectedlected row +columnn 
10.3.3 21900 
10.0.0 320 
8.23.23 39.8.8 
4.63. 3 6.86. 6 
3.08. 8 3.255 
2.89. 9 2.899 
8 8 
 
BII & B2 BI & A2 
l  
dissipationissipation isi  muchuch lowerl er thant an ini  thet e situationituation underder forwardr ard 
biasias ini  whichich att mostost onee blockinglocking diodei de sitsits ini  seriesries tot  
reduceeduce leakageakage current.r ent. 
Thee desireesire too facilitatecilitate testingesting providesrovides anothernother motivationtivation 
too modelodel floatingl ating electrodelectrode matrices.atrices. Becausecause of thee largerge 
numberumber off electricallectrical connectionsnnections involvedvolved forr evenven a mod-d-
eraterate resolutionesolution display,isplay, onee woulduld like to findd ann experi-
mentalental techniqueechnique too characterizearacterize N X M pixeli el displaysisplays withouthout 
peri-
havingaving too formrm N +M electricallectrical connections.nnections. In a squareuare 
matrix,atrix, itt mightight bee possiblessible to testest thee displayisplay forr faultsults withh 
fewerwer thanhan N measurements.easurements. Afterr thee testingsting processrocess deter-
minesines thathat eachach pixelixel functionsnctions properly,roperly, imageage uniformityiformity 
becomesecomes thehe primaryrimary concern.ncern. Becausecause of thee crosstalkros talk issuessues 
ter-
outlinedutlined abovebove forr a displayisplay havingaving floatingating electrodes,lectrodes, con-
trollingrol ing thehe imageage onn a displayisplay usuallysually entailsntails controllingntrolling thee 
potentialotential att alll  electrodes.lectrodes. Whileile beyondeyond thee scopecope of thisis 
article,rticle, a similari ilar analysisnalysi  off imageage uniformityiformity is in progressrogress 
n-
forr imagesages formedrmed usingsing a line-scane-scan techniqueechnique in whichich driv-
ersrs selectelect onene rowow off pixelsixels att a time.i e. 
riv-
6.. 	Conclusionsclusions 
Muchh interestterest in polymerolymer andnd organicrganic light-emitting diodesi des 
(LEDs)) deriveserives fromrom theireir potentialtential to deliverliver thee nextxt 
generationeneration off flatl t passiveas ive matrixatrix displays.isplays. The devicesvices arere 
relativelyelatively easyasy too make,ake, becauseecause theyey consistnsist of ann 
t-emitting 
usu-electroluminescentlectroluminescent layeryer sandwichedandwiched betweentwe n ann anode,node, u-
allyl y transparent,ransparent, andnd a cathode.thode. A passives ive matrixatrix displayisplay 
resultsesults byy patterningat erni g thehe anodenode intoto columnslumns andnd thee cathodethode 
intoto rowsws too formrm ann arrayrray of pixelsi els fromom thee intersectionstersections 
posi-betweenetwe n thehe cathodeathode andnd anodenode electrodes.lectrodes. Applyinglying a si-
tiveive biasias too onene anodenode andnd a negativeegative biasias to onee cathodethode 
elec-causesauses lightht emissionis ion fromrom thee pixeli el sharedared by thee twoo lec-
trodes.rodes. In manyany cases,ases, lightt alsolso emergeserges fromom otherther pixelsi els 
in thehe matrix.atrix. Thee crosstalkros talk hasas severaleveral origins.rigins. Viewinging thee 
con-largerge numbersumbers off pixelsixels in a matrixatrix ass potentialtential parallelrallel n-
ductionuction pathsaths hintsints att howow crosstalkros talk cann arise.rise. Thisi  workrk hass 
crosstaikanalyzednalyzed howow ros talk dependsepends on displayisplay resolution,solution, thee 
degreeegre  off rectificationctification of thee individualividual LEDs,, and,nd, mostst 
significantly,i nificantly, on thet e reverseverse leakagel kage currentrrent ofthet e pixels.i ls. One 
faultyulty pixeli el cann causeuse crosstalk,sstalk, andd crosstalksstalk cann be quiteite 
severevere withit  ass few ass twot  faultylty pixels.i ls. The reverse-biaserse-bias 
characteristicsaracteristics of thet e LED  holdl  onee keyy tot  suppressingppressing cross-ss-
talk,lk, so low currentrrent fiow in reverseverse biass isi  essential.sential.lt  
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